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Summary. Factor XI (FXI) deficiency is associated
with bleeding after invasive procedures. Risks of
human plasma-derived FXI replacement products
include transfusion transmitted infection, thrombosis
and fluid overload. This study was designed to test
the hypothesis that recombinant factor VIla (rFVIIa)
is an effective haemostatic agent in patients with FXI
deficiency undergoing surgery. Fourteen FXI defi-
cient patients [five severely deficient (FXI:C
<20 U dL™") and nine partially deficient (FXI:C 20-
70 UdL™"] received rFVIla to prevent surgical
bleeding during five major, four minor and six dental
procedures. Minor surgical and dental procedures
were covered with two doses of rFVIIa (90 pg kg™
i.v.), the first pre-operatively and the second 4 h
postoperatively. Major surgery was covered with
90 pg kg™! i.v. two hourly for the first 24 h and four

hourly for the second 24 h. Oral tranexamic acid
was given for 7 days postoperatively. Effective hae-
mostasis was observed in all cases and no alternative
haemostatic agents or blood transfusions were
required. Three adverse events were recorded; an
acute cerebrovascular accident in a patient with a
history of cardiovascular disease, an allergic reaction
and local phlebitis. In this study, rFVIIa was an
effective alternative to plasma-derived FXI replace-
ment for the prevention of surgical bleeding in FXI
deficient patients but rFVIIa may not be suitable for
patients with pre-existing risk factors for thrombosis.
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Introduction

Factor XI (FXI) deficiency is a rare bleeding disorder
but is relatively frequent in persons of Ashkenazi
Jewish descent where it occurs at a frequency of 8%
[1]. Severely deficient patients have a FXI coagulant
activity (FXI:C) of <20 U dL™! (reference range 70—
150 U dL™"), while partially deficient patients have
EXI:C of 20-70 U dL™! [2,3]. The disorder is char-
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acterized by bleeding associated with invasive pro-
cedures rather than by spontaneous bleeding and by
a marked variability in the bleeding tendency [3].
The majority of patients with severe FXI deficiency
have a history of bleeding after invasive procedures
but within this group there are individuals with no
bleeding symptoms despite adequate haemostatic
challenge [3]. Postoperative bleeding is reported in
31-59% of partially deficient patients and is unre-
lated to the FXI:C level [4]. Factors which influence
the likelihood of bleeding include the site of the
surgical procedure and the clinical bleeding pheno-
type after previous haemostatic challenges [5].
Currently available therapy for FXI deficiency
consists of antifibrinolytic agents and/or FXI replace-
ment either with solvent-detergent-treated fresh
frozen plasma (SD FFP) or FXI concentrate [6].
The decision to use any of these agents is an empiric
one and is usually based on the severity of the
deficiency, the previous clinical bleeding history and
the site of the proposed invasive procedure. Of the
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antifibrinolytic agents, tranexamic acid is most
commonly used and is especially useful in surgery
with increased fibrinolysis such as the oral cavity and
for minor surgical procedures [7]. FXI concentrate is
the FXI replacement of choice for major surgical
procedures but it has been associated with activation
of the coagulation cascade and thromboembolic side
effects, which limits its use to patients without pre-
existing risk factors for thrombosis [4,8-12]. FXI
concentrate is manufactured in the UK and France
and is available on a named patient basis only
[13,14]. Outside of these countries, the most com-
monly used FXI replacement is SD FFP which
contains FXI in addition to a large number of other
plasma proteins. Allergic reactions to the additional
plasma proteins can occur and the volume load
inherent in this treatment may be contra-indicated in
some patients. In addition, treatment with SD FFP is
unlikely to normalize FXI:C levels in severely defi-
cient patients. All of the currently available FXI
replacement products are plasma derived and
although viral inactivation steps are included in the
manufacturing process, the potential for transfusion
transmitted infection is still present.

An alternative treatment option is required for FXI
deficient patients. Ideally, treatment should be
recombinant and capable of replacing the role of
FXI in augmenting thrombin generation in the
consolidation phase of coagulation [15-17]. Recom-
binant factor VIIa (rFVIIa; NovoSeven®; Novo
Nordisk, Bagsvaerd, Denmark) fulfils these require-
ments, in particular because it generates a burst of
thrombin on the surface of the activated platelet [18-
20]. The use of rFVIIa in FXI deficiency was first
reported in 1990 when rFVIIa was used to prevent
surgical bleeding in a patient with an inhibitor to FXI
undergoing orchidectomy [21]. Subsequently, a small
number of case reports in patients with and without
inhibitors have confirmed that rFVIIa is effective in
preventing surgical haemorrhage [22-24]. This study
was designed as a pilot study to extend the data on
the use of rFVIIa in FXI deficient patients to a larger
case series.

Materials and methods

Between November 2001 and December 2002,
consecutive patients with FXI deficiency with a
planned major, minor or dental procedure were
recruited to the study. Treatment with rFVIla was
offered to patients who, in the opinion of their
treating clinician, would require haemostatic cover
with FXI concentrate (i.e. the presence of a previous
history of bleeding, procedure likely to result in
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bleeding, procedure with potential to result in
bleeding in a critical area). Patient inclusion criteria
were age > 18 years and severe (FXI:C <20 U dL™)
or partial (FXI:C 20-70 U dL™") FXI deficiency or
FXIT deficiency with persistent high-responding inhib-
itors. Exclusion criteria were known hypersensitivity
to rFVIIa, uncontrolled disseminated intravascular
coagulation, a recent thromboembolic event (within
6 weeks) or treatment with any haemostatic agent
within 48 h of the first dose of rFVIIa.

As a consequence of a thrombo-embolic adverse
event after 6 months of patient recruitment, subse-
quent patients with a history of cardiovascular
disease or with current angina or intermittent clau-
dication were excluded. Informed consent was
obtained in all cases and the protocol was approved
by the Local Research Ethics Committee.

The first dose of rFVIIa was given immediately pre-
operatively. A total of two doses (90 ug kg™') 4 h
apart was given to patients undergoing minor or
dental procedures. For major procedures, rFVIIa at a
dose of 90 pg kg™ was given two hourly for the first
24 h and four hourly for the second 24 h. Oral
tranexamic acid was given postoperatively for
7 days, once rFVIIa treatment had finished for minor
and dental procedures and once the patient was
taking oral intake for major procedures.

The primary endpoints were the clinical assess-
ment of haemostasis and the recording of adverse
events. Clinical haemostasis ratings were graded as
effective, partially effective or ineffective [25]. Sec-
ondary endpoints were the use of additional haemo-
static agents and the requirement for more than a
two-unit red cell transfusion. All endpoints were
evaluated immediately postoperatively in all cases.
Further evaluations were performed 4 h postopera-
tively in patients undergoing minor or dental proce-
dures and 8, 24 and 48 h postoperatively in patients
undergoing major procedures.

Pre-operatively, blood was collected into citrate
tubes (0.106 mol L™! trisodium citrate; SARSTEDT
Monovette, Niimbrecht, Germany) for analysis of
the prothrombin time, p-dimers and FVII:C. The
coagulation tests were repeated 15 min after the first
dose of rFVIIa and pre and post the 2 or 4 h dose in
the case of major or minor/dental surgery respec-
tively. Patients undergoing major surgery also had
these coagulation tests repeated pre and post the 24
and 48 h doses.

Thromboelastography (TEG) and a thrombin gen-
eration assay were also performed in a subgroup of
samples where plasma was available [26,27]. The
thrombin generation assay was performed on plasma
which had been double spun and stored at —80°C
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until assayed. Briefly, plasma was thawed and
defibrinated with Reptilase, coagulation was initi-
ated with recombinant tissue factor at a concentra-
tion of 10 pg mL™" and calcium. Subsampling from
the test sample was performed at 30-s intervals into a
stop solution containing EDTA and thrombin gen-
eration was determined by adding the chromogenic
substrate S2238 and reading the absorbance at
405 nm. Calculations of peak thrombin and area
under the curve (AUC) were performed with
reference to a standard curve generated using dilu-
tions of bovine thrombin (starting concentration
1000 U mL™).

Results

Fourteen patients were recruited to the study and
fifteen surgical or dental procedures were per-
formed. Patient characteristics including severity of
FXI deficiency, prior bleeding history and proce-
dure type are given in Table 1. One patient
(patient 14) had a high responding inhibitor to
FXI. Inhibitors to FXI were not detected in the
remaining patients.

Haemostasis was classified as effective at all time
points in all patients. No patient required an addi-
tional haemostatic agent or surgical intervention for
unexpected haemorrhage and no red cell transfusions
were given. One female patient, who underwent
breast symmetrization, had a decrease in haemoglo-
bin from 11.4 g dL™" pre-operatively to 9.5 g dL™!

Table 1. Patient demographics and procedures.

postoperatively and was given postoperative iron
supplementation.

The prothrombin time shortened from a mean of
13.6 to 8.2 s (reference interval 12.9-13.9 s) after
the first dose of rFVIIa and remained below the lower
limit of the reference interval at all time points in all
patients. FVIL:C increased after administration of
rFVIIa but there was considerable inter-individual
variation (Fig. 1). The median FVII:C level post the
first dose of rFVIIa was 44 U mL™! with a range of
28-65 U mL™". The trough level prior to the next
dose was >6 UmL™ in all cases with a range of
11-26 U mL™" in major cases and 7-13 U mL™" in
minor cases. The thromboelastogram was evaluated
pre and post rFVIIa in nine patients (four severely
deficient and five partially deficient). All patients had
a prolonged k time and a reduced angle pre rFVIla
while six of nine patients had an abnormally
prolonged r time (Table 2). The TEG parameters
were corrected in all cases following therapy with
rFVIla.

Six patients (two severely deficient and four
partially deficient) had thrombin generation in
plasma measured before and after the first dose
of rFVIla (Table 2). The median AUC pre-rFVIIa
was 2147.55 U mL™" (AUC of pooled normal
plasma 2910.9 UmL™) which increased to
3804.55 UmL™" after rFVIIa. Peak thrombin in-
creased from a median of 4.9 U mL™" to a median of
11.5 U mL™" after rFVIIa (pooled normal plasma
9.02 UmL™).

Baseline Classification

Patient Age Gender  FXI:C Bleeding history Procedure of procedure

1 24 Male 9 Yes Molar tooth extraction Dental

2% 43 Female 44 Yes Removal of titanium implant Dental

3 42 Female 56 Yes Repair of common extensor origin (elbow) Major

4 77 Male 48 Yes Bilateral herniorraphy Major

5 31  Female 44 Yes Endometrial ablation/bilateral Major

salpingectomy/diathermy

6* 43 Female 44 Yes 2 dental titanium implants Dental

7 77 Male 3 Yes Hydrocoele repair Major

8 38 Male 39 No Colonoscopy and biopsy Minor

(dental extractions)

9 20  Female 45 Yes Bone biopsy Minor

10 25 Female 56 No Breast symmetrization Minor
(dental extractions)

11 37 Male 58 Yes Vasectomy Minor
12 43 Female 42 Yes Extraction 3 impacted wisdom teeth Dental
13 62 Male 10 Yes Extraction 1 impacted molar tooth Dental
147 65  Female 1 Yes Total hip replacement Major
15 59 Male 11 No Extraction 1 wisdom tooth and 1 molar tooth Dental

(tonsillectomy, circumcision)

*Two procedures undertaken in the same patient; "This patient had a FXI inhibitor.
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Fig. 1. FVIL:C levels pre and post first dose
of rFVIIa for all 15 procedures. All pre
FVII:C levels were within the normal range
(0.5-1.5 U mL™!). Note that some patients
had identical post rFVIIa FVIL:C levels
(three patients: 50 U mL™%, two patients:

FVII:C pre

FVII:C post

46 U mL™, two patients: 44 U mL™, two
patients: 40 U mL™").

Table 2. Thromboelastography (TEG) and thrombin generation test (TGT) results pre and post the first dose of rFVIIa.

Test TEG TGT

Parameter AUC Peak thrombin

(Normal) r time (14-23 s) k time (3-7 s) Angle (31-49) (2910.9 U mL™) (9.0 UmL™)

Patient Pre Post Pre Post Pre Post Pre Post Pre Post
1 32 14.9 10.7 4.8 18.5 37.5 . . . .
2 22.5 7.6 9.2 3 20.5 53.5 3365.2 3829.9 11.3 11.4
3 28.6 9.9 24.8 3.8 9 44.5 1990.4 3313.8 5.1 10.5
4 23.9 9.2 8.7 2.4 25 49.5 1402.5 4303.4 4.7 11.6
5 16.9 11.4 11.6 5.8 18.5 44 . . . .
9 . . . . . . 3884.4 4614.1 12.1 13.8

12 20.8 11.8 7.3 3.6 30 46

13 28 11.3 10.1 3.1 21 59 . . . .

14 55.1 10.7 12.7 2.4 20.5 62 2304.7 3779.2 2.9 16.6

15 36.4 16.8 12.6 5.9 19 39.5 1333.9 2832.5 1.8 10.1

Three adverse events were documented during the
study. A 77-year-old male patient (patient 7,
Table 1), with a history of a myocardial infarction
8 years previously, developed clinical and radiolog-
ical evidence of a cerebrovascular infarct after the
17th of 19 planned doses of rFVIla and died 3 days
later. The FVIL:C levels obtained pre and post the
first, second and 24 h rFVIIa doses were similar to
other patients in the study on the same dosing
regimen. The maximum FVIL:C level obtained was
73 U mL™! post the second dose of rFVIIa. p-Dimers
became elevated in this patient at 24 h postopera-
tively, as occurred in all patients undergoing major
procedures.

A 31-year-old female patient (patient 5, Table 1)
with a strong history of atopy developed periorbital
rash and itching associated with mildly elevated liver
function tests. These symptoms resolved after dis-
continuation of treatment. Further investigations

suggested an allergy to polysorbate 80, an excipient
of rFVIla.
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A 42-year-old female patient (patient 3, Table 1)
developed a mild local phlebitis, which resolved with
conservative therapy.

Discussion

The management of surgical procedures in FXI
deficient patients presents a particular challenge to
clinicians because of the variability of bleeding
between individuals and within a single individual
in response to different haemostatic challenges. At
present, the decision to give FXI replacement, an
antifibrinolytic agent or no treatment is an empiric
one and is dependent on the prior bleeding pheno-
type. The level of FXI coagulant activity also plays a
role in the decision to treat because patients with
FXI:C <20 U dL™" have a increased likelihood of
bleeding although this is not universal even at low
FXI levels. While antifibrinolytic therapy is useful,
single agent tranexamic acid may not always be
suitable cover for major procedures or for severely
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deficient patients. In these circumstances, FXI
replacement with human plasma-derived SD FFP or
FXI concentrate is indicated. SD FFP and FXI
concentrate are associated with a number of adverse
effects, including volume overload, allergic reactions,
thrombosis and exposure to human plasma.

There is no recombinant FXI replacement product
under development at the present time. The efficacy
and safety of rFVIIa is well established in the
management of acute bleeds and invasive procedures
in patients with severe FVIII or FIX deficiency and
inhibitors. Inhibitors to FXI have been well described
and are associated with severe FXI deficiency and
exposure to plasma-derived FXI [28]. There was an
early report of the use of rFVIla (60 pg kg™' three
hourly for 3 days) in a patient with FXI deficiency
and a FXI inhibitor undergoing an orchidectomy for
testicular haemorrhage [21]. A number of case
reports subsequently documented the use of rFVIIa
in FXI deficiency and inhibitors [22-24]. Doses used
ranged from 30 to 90 pg kg™'. At the time that this
study was designed and conducted, there were no
other available data on the use of rFVIIa in patients
with FXI deficiency. The dose of 90 pg kg™' used in
this study was chosen because there was extensive
experience in prevention of bleeding in haemophilic
patients undergoing surgical procedures at this dose
[29]. There is also laboratory evidence that the
haemostatic dose of rFVIla is >70 ug kg™" [30].

Tranexamic acid has been used safely with rFVIIa in
severe haemophilia with inhibitors. In this study, the
additional use of tranexamic acid was deemed neces-
sary because the period of cover with rFVIla was
limited to the immediate postoperative period and
tranexamic acid was used to prevent late bleeding.

Thromboembolic adverse events are uncommon
but recognized adverse event associated with thera-
peutic use of activated clotting factors [31]. In
common with other reports, the patient affected by
a cerebrovascular accident in this study had pre-
existing risk factors. Following this experience, the
protocol was modified and subsequent patients were
excluded if risk factors for thromboembolic disease
were present. Patients with FXI deficiency do not
appear to be inherently protected from arterial
thrombosis by their coagulation factor deficiency
[32]. Therefore, rFVIIa should be used with caution
in such patients. More recently, reports have sug-
gested that much lower doses of rVIIa, analogous to
those used in FVII deficiency, may be effective in
achieving haemostasis in FXI deficiency [33,34]. In
the first of these case reports, Brown noted that a
single dose of 12 ug kg™! was sufficient to arrest a
postpartum haemorrhage, while Schulman and
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Nemeth reported the use of bolus doses of
29 ug kg™" and 18 ug kg™' and continuous infusion
rates of 1.1-3.6 ug kg™' h™' to prevent surgical
bleeding during two separate spinal procedures in a
single patient. These alternative dosing schedules
merit further study in larger groups of patients.

As the mechanism of action of rFVIIa is not
replacement of a deficient coagulation factor, the
optimal monitoring method is unclear [35-37].
Levels of FVII:C reach supra-physiological levels
after therapeutic doses of rFVIla and in vitro data
suggest that haemostasis occurs if FVIL:C levels are
maintained at >6 UmL™! for several hours[30].
Clinical studies have revealed considerable inter-
individual variation in FVII:C levels and the peak
level of FVII:C is now felt to be the critical factor in
promoting normal clot structure and maintaining
haemostasis in patients with haemophilia [38,39]. In
this study, all patients studied achieved peak FVII:C
levels of >25 UmL™" after one dose of rFVIIa.
Trough levels were >6 UmL™, both with two
hourly and four hourly bolus dosing (data not
shown), which correlated with satisfactory haemo-
static efficacy in all cases. Lower target FVIL:C levels
may be effective in patients with FXI deficiency as
documented in a recent case report[34].

Defective thrombin generation in FXI deficient
patients causes inadequate activation of thrombin
activatable fibrinolysis inhibitor (TAFI) and a con-
sequent increase in fibrinolysis [40]. This correlates
with the clinical observation of increased bleeding in
areas of high fibrinolytic activity in patients with
FXI deficiency [41]. In patients with severe haemo-
philia A, in vitro studies have demonstrated that
rFVIIa inhibits fibrinolysis via TAFI and the con-
centration of rFVIIa required shows considerable
individual variation, mirroring the variability seen in
FVII:C in vivo [17]. Generation of thrombin at
normal or supra-normal levels posttherapy with
rFVIIa is suggested by the normalization of the
TEG parameters in patients in this study and by the
marked increase in the AUC and peak thrombin
levels in the thrombin generation assay. Increased
thrombin is postulated to lead to enhanced activa-
tion of TAFI with consequent downregulation of
fibrinolysis.

Conclusion

In this pilot study, rFVIla in combination with
postoperative tranexamic acid was successful in
preventing surgical bleeding. The use of a recombi-
nant product to prevent surgical bleeding in FXI
deficiency is especially desirable in younger patients,
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children and pregnant women, in view of emerging
risks of transfusion including new variant Creuzfeldt
Jakob disease [42,43]. Caution is required when
considering patients with pre-existing risk factors for
thrombosis including atherosclerosis and rFVIIa
should only be used in this patient group if the
benefit of treatment clearly outweighs the risk of
thrombosis. It is as yet unclear whether lower total
doses of rFVIIa and lower target FVII:C levels will
reduce this risk. Randomized studies are needed to
determine the optimum dose and dose schedule of
rFVIla and tranexamic acid in patients with FXI
deficiency undergoing invasive procedures.
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